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1 0 INTRODUCTION 

Experimental values of critical masses of near isomet- 
ric cylinders or spheres of uranium of various enrichments 
have been published [l - 31. In the safety evaluation of 
certain manufacturing processes a knowledge of the critical 
masses of non-isometric cylinders or slabs is required. 
Accordingly, using a supply of 45% enriched uranium, which 
became available for a short period, a series of measure- 
ments was made at AWRE, Aldermaston on the critical heights 
of cylinders of H/b ratios between 0.08 and 0.63. 

This report describes these measure 
are deduced correlating the experimental 
the equal Geometrical Buckling conversio 
enable values of critical masses of cyli 
experimental range of H/D values to be c 
tolerably accurately. 

men ts and constants 
da ta, by means of 

n 9 which, at least, 
nde rs within the 
amp uted quickly and 

2 l CRITICAL ASSEMBLY MAGIINE AND INSTRUMENTATION 

2.1 Assemblv Machine - Atlas 

The "approach-to-critical" machine, Atlas, was 
used for these experiments. Atlas is shown in Figure 1. 
It has a total load carrying capacity of 5 tons, the load 
being equally distributed between the two platforms. 
Assemblies up to approximately 5 ft. in diameter may be 
built on either platform. The fixed upper platform is 
mounted securely on two 10 ft high main stanchions. 
Accurately machined guide rails are secured on these stan- 
chions, The lower platform travels vertically between the 
main stanchions, and is located laterally by roller bear- 
ings travelling on thz machined guide rails. The lower 
platform is mounted on a 4 in. diameter hydraulic ram, 
which is supplied with o-i-1 at a pressure up to 2000 p.s.i. 
The lower platform has a maximum travel of 68 in., and has 
a maximum rate of rise of 5 in&. The position of' the 
lower platform is indicated in 0.1 in. steps by a Veeder- 
Roote counter, driven by a rotating contact‘cn‘the platform. 

Precise control of the up;vard movement of the 
lower platform is provided by phosphor bronze pads located 
on three vertical lead-screws. The three lead-screws are 
geared together and driven by a Varimag electric motor unit. 
Interlocks are provided to ensure that the platform remains 
in contact with the pads during upward movement. The rate 
of rise of the lower platform when in contact with the pads 
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is continuously v.ariable from 0.075 to 4.5 in./min. The 
position of the pads, and hence of the platform when in 
contact, is displayed by a Magslip transmitter-receiver 
sytem, which can be read to 0.002 in. 

To ensure that any assembly can be rapidly dis- 
mantled, a magnetically held valve is incorporated in the 
hydraulic circuit. Interruption of the electrical supply 
to this valve thus allows the lower platform to fall freely. 
The platform starts to fall about, 100 ms after the supply is 
interrupted, and rapidly accelerates to a maximum speed of 
about 7 in&. Over the last 15 in. of fall, the platform 
is progressively retarded to prevent shock to the 
components, 

2.2 Instrumentation 

All assemblies were monitored by 3 neutron count- 
ing channels, of which two had to be fully ope,rational at 
any stage during an approach-to-critical run. The neutron 
detectors were enriched BFs proportional counters used in 
standard AWRE "long counter geometry" [4]. If the recorded 
count rate in any channel exceeded a pre-determined level, 
an electronic "trip unit" would operate, releasing the lower 
platform of Atlas as&scribed in Section 2.1. 

3 0 ASSEMBLY COMPONENTS 

3.1 Enriched Uranium 

Approximately 470 kg of 45.'5 & 0.46% enriched 
uranium were available for these experiments. This 
material was cast and, where necessary, machined into 
hexagons or half-hexagons. The details of the hexagons 
produced are given in Table 1. 

All enriched uranium components were latuuered 
with approximately 0.001 in. of yeilow iacquer. This 
lacquer served two purposest- 

(a) It prevented any spread of contamination. 

(b) It prevented any confusion between enriched 
and natural uranium components. 

In this series of experiments, the hexagons and 
half -hexagons were assembled into pseudo-cylinders as shown 
in Figure 2. The effective radii quoted are the radii of 
cylinders with the same cross-sectional area. 



The overall packing density of the enriched 
uranium in these pseudo-cylinders was 98 - 99%. This gave 
an effective density for the enriched uranium assemblies of 
18.16 14 0.09 g/cm'. 

3.2 Natural Uranium Reflector 

The side reflectors were assembled from hexagons 
and half-hexagons of natural uranium, which wer'e manufac- 
tured to the same dimensions as the enriched uranium compo- 
nents described in Section 3.1. 1 These were placed round 
the sides of the enriched uranium pseudo-cylinders as shown 
in Figure 3, giving a radial reflector 7.05 in& wide and 
with an effective density of 18.26 2 0.13 g/cm . 

The top and bottom reflectors of natural uranium 
were assembled in steel boxes. The reflectors were con- 
structed Prom rods and slabs of natural uranium, the rods 
being 6 in. long and 1.2 in. diameter while the slabs w&r@ 
12 in. long by 6 in. wide by 1 in. thick. 

The overall composition of the top and bottom 
natural uranium reflectors was as given in Tables 2 and 3. 

Figure 4 shows the bottom and side reflectors of 
natural uranium, and Figure 5 shows the structure of the 
upper uranium reflector. 

3.3 GraDhite Reflector 

Side reflectors of graphite were cut in two 
patterns, as shown ip Figure 6. As shown in this figure, 
combinations of these components could bi! used to reflect 
the side faces of the pseudo-cylinders by approximatkly 
6 in. of graphite. The packing density of these side 
reflectors fNas effectively lOO!& and the mean side reflector 
density was therefore 1.74 * 0.03 g/cm,' 

The top ant! bottom face graphite reflectors were 
constructed from graphite blocks, 12 in. iong by 6 in. 
square. These blocks were placed in the steel boxes des- 
cribed in Section 3.2. Thus the mean compositions of the 
top and bottom graphite reflectors were. as given in Tables 
4 and 5. 

3.4 "Berated GraDhite" Reflector 

The sida reflectors for this assembly were con- 
structed of graphite, as described in Section 3.4. 
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The bottom "berated grap Ihite" reflector was again 
cted from 8 In. square bloc ks; assembled together to 

assembly greater than 40 i 
nsity of 1,55 * 0,05 .g/cm'. 

n. square, with arveffec- 
A steel plate, 

n. thick, placed on top of these, blocks gave a 
surface for assembly of the fissile material. 

3.5 _Aluminium Reflector 

The alwninium side reflectors were canstructed 
from pieces of aluminium cut to t‘he same dimensions as the 
graphite components described in Section 3.3. The effec- 
tive density of the side reflector was thus 2.72 & 0.03 g/ 
cm? An illustration of an aluminium reflected pseudo-' 
cylinder, showing the side reflectors, is given in Figures 
7 and 8. 

The upper aluminium reflector consisted of twelve 
6 in. square aluminium blocks, each 18 in. long, supported 
on a larger aluminium plate 0.377 in. thick. 

The lower'alurninium reflector consisted of six 
1 in. thick aluminium plates, each 36 in. square, securely 
bolted together. 

The effective density of the upper and lower 
aluminium reflectors was 2.58 zt 0.03 g/cm '. ' 

The complete aluminium reflected assembly: is shown 
in Figure 9. 

3.6 Steel Reflector 

The steel side reflectors were constructed from 
pieces of mild steel cut to the same dimensions as those 
graphite components described in Section 3.3. The effec- 
tive density of the side reflector was 7.78 + 0.02 g/cm'. 

The upper steel reflector consisted of eighteen 
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6 in. square steel blocks, each 12 in. long, supported on a 
large steel plate 0.558 in. thick. 

The lower steel reflector consisted of six 1 in. 
thick steel plates, each 36 in. square, securely bolted 
together. 

The mean density of the upper and lower steel 
reflectors was 7.24 zk 0.02 g/cm3. 

3.7 Jig for Studying "Bare", i.e., Unreflected, Systems 

To study "bare" systems, the fissile material was 
divided into two approximately equal components. 

Both upper and lower components were supported on 
aluminium plates 0.186 in. thick. The plates in turn were 
supported by a framework of aluminium angle. This reduced 
neutron reflection to the practical minimum. 

Two views of "barea assemblies are shown in 
Figures 10 and 11, 

4 0 EXPERIMENTAL PROCEDURE 

4.1 "Normalising" and "Live"' Runs 

The procedure adopted for demonstrating whether a 
given system is sub-critical or not is as follows. The 
system is split into sub-assemblies, each of which is 
demonstrably sub-critical and safe to handle, both in isola- 
tion and at reasonable separations (- 5 ft) from an identi- 
cal component. A replica of these sub-assemblies is then 
built from non-fissile material (usually natural uranium OT 
graphite) on both the upper and lower platforms of Atlas. 
A mock fission neutron source is situated near or inside 
one assembly. A Qormalising curve” is then derived by 
measuring the neutron output of the system as the two 
components are brought together. This %ormalising curve**, 
giving the variation of response of the various counters 
with separation of components, allows for any changes in 
neutron output with a fissile system due to geometry 
changes alone. 

The lower platform is then dropped to its lowest 
position, and the replicas replaced by fissile material. 
The neutron output of this '*live" system is then monitored 
as the two components are brought gradually together. At- 
a given separation of the components, the ratio, R, between 
the Vive" and Qormalisinglt counts’ gives a measure of the 



neutron multiplication of the system. When a system is 
just delayed critical, the neutron multiplication becomes in- 
finite, and hence R mi becomes zero. Thus, by plotting R'% 
against separation, the safety of successive steps may be 
assessed; eventually, if the system is closed with a finite 
value of R, the system is sub-critical. 
R-l plot indicates that R-l 

If, however, the 
would be zero at a finite separa- 

tion, the system would be super-critical when fully assembled. 

Thus a series of "normalising" and *'live" runs 
may be used to demonstrate the state of criticality of any 
given system. 

4.2 Estimation of Critical Dimensions 

If, as in this experiment, one dimension, i.e., 
the height of a given pseudo-cylinder, is variable in small 
steps, the procedure usually adopted is to establish two 
values of this parameter, namely:- 

(a) The minimum height which, if fully assembled, 
would be just super-critical. 

(b) The maximum height which, when fully 
assembled, is sub-critical. 

These two values differing by the smallest height 
increment available, specify the critical height to within 
the limit of this increment. To predict the critical 
height more accurately, the following procedure is adopted. 

The neutron multiplications of a series of systems 
are measured, starting with that system ((b) above) which 
is just sub-critical when fully assembled, and reducing the 
height in successive small steps. Then by plotting the 
reciprocal neutron multiplication against height and extra- 
polating to zero reciprocal neutron multiplication, one may 
predict the critical height. 

4.3 Corrections for Container Interfaces 

In three assemblies, namely Hbaret*, natural 
uranium and graphite reflected, a steel or aluminium inter- 
face was between the fissile component and the upper or 
lower assembly. Subsidiary experiments were carried out 
to measure the effects of these interfaces. 

5 0 EXPERIMENTAL RESULTS 

Tables 7 to 12 give the neutron multiplication 



measurements made with each system. The errors quoted on 
the reciprocal multiplication are only those arising from 
the counting statistics - no attempt was made to assess 
experimental errors bv checking reprod~MM.lity, etc. The 
subsidiary experiments with natural uranium and graphite 
reflectors to determine the -effect of the steel interfaces 
showed tha t this introduced an error of less than % in the 
extrapolated critical heights. 

Figures 11 and 12 give graphs of reciprocal 
neutron multiplication against slab height for each reflec- 
tor system. Also shown are the extrapolations to give the 
critical heights. 

Table 13 gives the estimated critical height for' 
each of the systems studied. I 'The errors quoted on the 
critical heights define the upper and lower limits of extra- 
polation considered to be consistent with the experimental 
results. 

6 l DISCUSSION OF THE EXPERIMENTAL RESULTS 

The results obtained in these experiments provide data 
on critical systems at more extreme height-diameter ratios 
than have previously been studied at medium enrichment. 
Their usefulness may be extended by interpolation, and, 
with less confidence, by extrapolation. The choice of 
method of interpolation is arbitrary - Equal Geometrical 
Buckling conversion, plotting critical height again n/l + n 
( h w ere n = height/diameter) and plotting critical height 
against critical area are possible methods, but the first 
offers some advantages in combining the results with 
different reflectors and of simplicity in extrapolation. 

The one-group form of the equal buckling relation is 

B2 - 7t2 x2* . - 
(R t k,jez = (H + &)' + 

4.81;' ?t2 . 
(D + aal2 = (T + as)2' 

where R is the radius of the critical sphere; 

H is the critical height of the cylinder, diameter D; 

T is the thickness of the critical infinite slab;' 

and ho, h, X2, As, are appropriate constants. 

Values of B2 and X which gave the best least squares 
fit to the results were calculated; 'except for the uranium 



reflected system and the borated graphite reflected system 
(in which the radial and axial reflectors differed) hi and 
12 were taken to be equal. The values were calculated in 
two sets:- 

(a) Values of B2 and x to give the best fit to the 
results obtained for each reflector separately. 

(b) Values of X appropriate to each reflector, which 
when combined with a unique value of B2, gave the 
best fit. 

The values of B2 and X are given in Table 14, together with 
the critical heights predicted by these values at the 
experimental diameters. As will be seen, there is little 
to choose between the two methods - the latter affords some 
simplicity. 

Values of the thickness of the critical infinite slab 
and of the radius and mass of the critical sphere, calcu- 
lated from the values of B2 and x of Set (b) and assuming 
ho = xi = h2 = ks,e *are given in Table 15. 

Experimental data are not available to check the 
adequac 

f 
of these extrapolations directly. However, 

Paxton 21 quotes empirical relations which, when combined 
with data on near isometric critical systems at 37% and 
54% enrichment, give estimates of the critical parameter 
for a sphere at 45% enrichment for unreflected and natural 
uranium reflected systems. The critical masses deduced in 
this manner are 190 kg and 78 kg respectively. 

As the validity of applying the correlation to extreme 
shapes, e.g., infinite slabs, has not been tested, its use 
for this purpose cannot be recommended, and the values 
given in Table 15 should be treated as affording only a 
comparison between the reflectors. 
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TABLE 1 -w-w 

Whole Hexagons 
across Flat 

Dimension, in. 

2.752 

* 

2.761 

* 

2.757 

* 

* 0.005 

z!z 0.004 

zk 0.004 

Half-Hexagons 
Flat to Diameter 

Dimension, in. 

a 

1.351 * 0.017 

1.362 ck 0.002 

1.344 rf 0.007 

Thickness, in, 

1.215 z!z 0.005 

1.215 zk 0.005 

0.613 k: 0.004 

0.613 z!z 0.004 

0.207 zk 0.002 

0.207 k 0.001 

Mass, g 

2413.8 ck 15.0 

1173.5 z!z 18.9 

1215.3 z!!z 10.2 

591.6 z!z 5.6 

411.4 I!z 3.7 

201.9 

No 
Prodbced 

84 

60 

110 

24 

110 

12 

*The half-hexagons were produced by cutting across full hexagons 
by a thin milling tool. Hence the flat to diameter dimension is less 
than half the across flat dimension. 



TABLE 2 _ -~~__ 

Lower Natural Uranium Reflector 
1 

Layer No,* Thickness, in. Composition Mean Density, g/cm8 

. 
1 0.067 Mild Steel '7.78 2 0.02 

2 1.00 Natural Uranium 18.54 z!z 0.06 

3 5.67 Natural Uranium 16.07 zk 0.13 
I l 

Ir_ n - -- - 

*Layers with lowest number nearest to fissgle components. 
. 

TABLE 3 
Upper Natural Uranium Reflector 

Thick- 
LaYerm ness 

No.*. in ' Composition Nlean Density, 
i g/cm8 

-. 
.I __ CL - - - - - - 

1 0,130- Mild Ste@L 7.70 + 0.02 

2 1.00 (i 
(ii 1 

Natural Uranium 98.0% by volume 
Mild Steel 2.0% by volume 18.33 zk 0.10 

5.67. (iii 
. 

3 Natural U 
(iv 1 Mild Steeianium *$zg ii %$i 1 15.91 kO.16 

w - 1IF - -- 

**Layers with lowest numbers were nearest to fissi-le components, 
. . .- l 



TABLE 4 

Layer 
No 0 

I* 
2 

Upper Graphite Reflector 

Thick-, 
ness, Composition Mean Density, 

in. g/ma 

0.130 Mild Steel 7.78 21 0.02 
6.00 Graphite 98.0% by volume Mild Steel 2.0% by volume 1.86 5 0.04 

*Layer No, 1 was next to the fissile components. 
- _ - - - - -~- - 

TABLE 5 

Lower Graphite Reflector 

Layer No. Thickness, an. Composition Mean Density, 
I g/cma I , . 

I* . 0.067 Mild Steel 7.78 
2 6.00 Graphite 1.74 * 0.03 

- - --- 

*Layer NO. 1 was next to the fissile components. 

TABLE 6 

Composition of Berated Graphite 

Boron, expressed as Naa.B407 26.50 zk 0.8% 

Carbon 71.45.k 2.5% 

Water 3.85 k 0.1% 
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TABLE 7 

Neutron Multiplication Measurements with %are" Slabs of 45.5% Enriched Uranium 

Inverse BSeQtron Multiplication 

Lnter- 
faces, Effective Radius of Slab, in. 

Slab 'fhic k- 
ness, in. &if ram- 5.79 8.46 

L I I 
Counter 1 Counter 2 Counter 3 Counter f Counter 2 Counter 3 

6;075 f 0.011 3/8 0.0990 f 0.0014 0.1032 k 0.0014 0.127r f 0.00O6 
3/16 0.0884 f 0.0O13 0.0890 f 0.0013 0.1156 f 0.0006 m - m 

* Zero O.On8 f 0.0019 0.0748 f 0.0019 0.1041 f 0.0008 

6.688 f 0.012 3/8 0.0559 f OS008 0.0568 i 0.0008 0.0781 i 0.0004 
3116 O.W9 f 0.0006 0.0446 f 0.0006 0.0616 i 0.0003 w w m 

l Zero 0.0339 f 0.0010 0.0324 f 0.0010 0.0451 f o.QoQ3 

6.895.f 0.012 3/8 0.0441 f 0.0006 0.04$1 f 0.0006 0.0580 f 0.00O3 
’ 3/16 0.0326 f 0.0005 0.0326 f 0.0004 0.0435 f 0.6002 m m - 

* Zero 0.0211 f 0.0008 0.0211 f 0.0007 0.0290 f 0.0004 

7.102 k 0.012 3/8 0.0340 f 0.0005 0.0340 i 0.0005 0.0431 f O.O0O2 
3116 0.0210 f 0.0603 0.0209 f 0.0003 0.0279 f 0.6001 m m m 

* Zero 0.0080 f 0.0006 0.0078 k 0.0006 0.0127 f 0.0002 

7.311 l i 0.012 3/8 0.0248 * 0.0003 0.0244 i 0.0063 0.0296 f 0.00O2 
3/16 0.0104 f 0.6061 0.0104 f 0.ooo1 0.0132 f 0.0001 - I m 

l Zero -0.0040 f 0.00O3 -0.0036 f 0.0003 -0.0032 f 0.6602 

4.258 f 0.010 3/8 0.1557 f 0.0035 0.1498 f 0.0028 0.2151 f 0.0011 
3/16 m m m 0.1461 f 0.0030 0.1462 f 0.028 0.2026 f 10.0010 

* Zero 0.1365 1: 0.0055 0.1426 f 0.0049 0.1901 f 0.0018 

4.882 f 0.011 3/8 0.0784 f 0.0015 0.0765 f 0.0014 0.1165 f 0.00O6 
3/l 6 m - 4 L 0.0659 f 0.0013 0.0687 f 0.0012 0.1059 f o.ooo5 

* are o.ow f 0.0024 0.0609 f 0.0022 0.0953 f 0.0OO9 

5.089 f 0.011 3/8 0.05% f 0.0011 0.0545 f 0.0010 0.0844 f 0.0004 
3/16 m m * 0.0433 f 0.0OO7 0.0458 f 0.0007 0.0724 f 0.0002 

+ Zero 0.0312 f 0.0013 0.0375 f 0.0014 0.0604 f 0.0005 

5.296 f 0.011 3/8 0.0331 f 0.000'7 0.0336 f 0.0006 0.0541 f 0.0003 
Wl6 m m m 0.0232 f 0.0005 0.0262 f 0.0605 o.O412 f 0.0002 

l zero 0.0133 f 0.0010 o.ot88 f 0.0Oo9 0.0283 f 0.00O3 
I i 

l Extrapolated fran results with 3/8 ad 3/16 in. of alminim. 
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Neutron Multiplication Measurementg with 45.5% Enriched U-235 Slabs Reflected on all Faces by Graphite 

Neutron Multipl 

Effecl b, in. 
-- Slab 

fhicYe*r@ 
1 

0 5.79 8.46 il.05 

I Counter 1 
I 

counter 2 I ~omtes 3 Counter 1 Counter 3 Counter 1 Counter 2 Counter 3 Counter 2 
w 

0.2710 f 0.0048 I 
__~~-_ ~~~~ ~ _~ 

1.215 f 0.005 0.4067 f 0.0071 I 0.3973 f 0.0065 I 0.4590 f 0.0010 0.2366 f 0.0014 0.2602 f 0.0048 0.3244 f 0.0008 0.1628 f 0.0027 0.1794 f 0.0028 

1.422 f 0.005 I I I - , 0.1817 f 0.0033 0.1876 f 0.0033 0.2328 f 0.0005 0.0884 f 0.0016 0.1332 f 0.0003 0.1009 f 0.0016 

0.0382 f 0.0006 1.629 f 0,006 
I 

* 
I 

c 
I 

m  0.1213 f 0.0021 0.1309 f 0.0022 0.1563 f 0.0009 0.0349 f 0.0006 

1.828 f 0,006 
I 

0.2181 f 0.0034 0.2247 f 0.0025 0.2749 f 0.0006 
I I 

0.0726 f 0.0013 0.0994 f 0.0002 0.0690 f 0.0011 

2.035 f 0.007 
I 

w - 0.0223 f 0.0004 0.0239 f 0.0004 0.0321 f 0.0001 

2.428 f 0.007 I 0.0873 f 0.0012 0.0965 f 0.0014 0.1186 f 0.0002 I I 
2.842 f 0.008 

I 
0.0227 i 0.0002 0.0249 f 0,0003 0.0311 f 0.0001 

I I 



Neutron Multiplication Measurements with 45.5% Enriched 11-235 Slabs Reflected on Slab Faces by Borated Graphite and on Side Faces by Graphite --- 

Inverse Neutron Multiplication 
L --- 

Slab 

TNPe*r* 0 

Effective Radius of S ab, in. - 
I 8.46 5.79 

Counter 1 I Counter 2 Counter 3 I Counter 1 I Counter 2 Counter 2 
I 

Counter 3 
I 

Counter 1 Counter 3 

m  

I 

0.3303 f 0.0139 0.3826 f 0.0140 
I 

0.2958 f 0.0108 0.3605 f 0.0021 I I 1.215 f 0,005 0.4210 f 0.0026 0.2701 f 0.0116 

1.422 f 0.005 0.2044 f 0.0083 

1.629 f 0,006 0.1467 ft 0.0057 

0.3283 f 0.0135 0.3070 f 0.0110 I 0.3471 f 0.0036 0.1738 f 0.0066 0.1839 i 0.0066 I I 1.828 f 0,006 0.2371 f 0.0013 0.0998 i 0.0037 

0.0640 f 0.0023 0.0950 f 0.0005 I I 2.035 f 0.007 0.0538 f 0.0021 

0.0270-; O.ODlO~ 0.0425 ;0,0002 / 2.242 f 0.007 0.0219 f 0.0008 

0.1767 f 0.0062 0.1837 f 0.0074 I 0.2148 A 0.0013 0.0492 i 0.0018 0.0536 f 0.0019 I I 2.430 f 0.007 

w  
I  

0.0190 f 0.0007 0.0232 f 0.0008 I 0.0327 f 0.0002 2.637 f 0,007 

0.0826 f 0.0026 0.0819 f 0.0033 I 0.1059 f 0.0008 I - I - 3.043 f 0.008 

0.0130 f 0.0003 0.0132 f 0.0004 
I 

3.645 f 0.009 



TABIE 10 

Neutron Multiplication Measurements with 45.5% Enriched U-235 tiabs. Reflactdd on alLFaces by Natural Uranium 

Lcation Inverse Neutron Multip 

Effective Radius of S ib, in. 
--s 

Slab 
Thickness, 

in. 
-- 

5.79 I 8.46 11.05 

Counter 2 

0.2284 f 0.0081 

0.1818 f 0.0050 

--- 

l 

~ Counter 3 Counter 1 I Counter 2 I Counter 3 I Counter 1 I Counter 2 Counter 1 
---- 

0.2152 f 0.0087 

Counter 3 

. 

0.4431 f 0.0159 0.4472 f 0.0145 0.5102 f 0.0015 0.3605 i 0.0116 0.3615 f 0.0097 I I I I 1.215 f 0.005 0.3504 i 0.0009 0.4072 f 0.0012 

I -f-f-- 
’ 0.2582 f 0.0007 1.422 * 0.005 0.1538 f 0.0058 

0.1174 f 0.0031 1.629 f 0.006 0.1014 f 0.0036 0.1697 f 0.0005 
---- 

0.0838 f 0.0002 0.0086 0.3282 f 0.0009 0.1180 f 0.0040 0.1434 f 0.0038 I I I 0.1788 f 0.0005 1,828 f 0.006 0.0499 f 0.0017 0.0543 f 0.0015 

I I I 0.0709 i 0.0024 0.0840 f 0.0022 I 2.035 f 0,007 0.1073 f 0.0003 

2.242 2 0.007 - t 0.1606 - 0.0253 ; 0.0008 0,0008 0.1300 f 0.0036 0.1267 f 0.0090 f 0.0004 IO.0307 1 0.0411 f 0.0001 

2.428 f 0.007 

2.635 f 0.007 

2.842 f 0,007 

0.0268 f 0.0008 0.0286 f 0.OiO9 0.0384 f 0.0001 I I I - I B 3.041 f 0.008 

0.0032 i 0.0001 0.0032 f 0.0001 0.0041 f 0.0001 
I I I I - 3.248 f 0.008 1 



Neutron Multiplication Measurements with 45.5% Enriched U-235 Slabs. Reflected on all Faces by Steel 

Inverse Neutron Multiplication 
e---e -- 

Bb, in. 
---_I__ 

the Radius of Sl 
- 

0.46 

Effec 

11.05 

Counter 2 

-__I__- 

Counter 1 
-w-P 

0.1261 f 0.0028 0.1487 f 0.0030 

0.0736 f 0.0015 0.0828 f 0.0018 

0.0316 f 0.0007 0.0404 f 0,0007 

m-P 

Count&r 3 

0.1027 f @,000-r 

Counter 1 Counter 2 
P-B 

I Counter 3 Counter 3 
-- 

2.034 f 0.007 
I 

- 
I 

0.1102 f 0.0003 2.241 f 0.007 - - 
--- 

2,428 f 0.007 - - 0.1190 * o.oolllta 0.1319 * o.oOf26 0.0479 f 0.0002 

2.635 f 0.007 
I 

m  
I 

” 0.0696 f 0.0014 0.0761 f 0.0015 0.0952 f 0.0003 
I  

I  - 

I  
t  
I  

- 2.842 f 0.008 I 
e 

I 
- 0.0337 f 0.0007 0.0297 f 0.0006 0.0388 f 0.0001 

3.041 f 0.008 0.1548 f 0.0029 0.1602 f 0.0032 
I I 

0.1868 f 0.0007 

0.0717 f 0.0003 

0.0411 f 0.0002 

0.0104 f 0.0001 4,056 f 0.009 0.0087 f 0.0001 0.0091 f 0.0001 
I I 



Inverse Neutron Multipkation 

Slab 

Thic::essn 0 

L 1.827 * O,mb 

2.428 f 0.007 

Effect he Radius of Sh b, in. 

8.46 
I 
I Counter 

1 
Counter 

2 
Counter 

1 
Counter 

2 I 
Counter 

3 

- 

Counter 
3 

Counter 
1 1 

Counter 
2 I Coun3t er 

0.3493 f 0.0058 0.3742 f 0.0014 10.3543 f 0.0062 0.2494 f 0.0063 IO.2503 f 0.0080 IO.2946 f ~1.0316 

~0.1675 f 0.0028 0.1726 f 0.0028 0.1885 f 0.0007 0.0718 f 0.0012 ‘0.0725 f 0.0012 0.0890 + 0.0003 

0.0209 f O.ooO3 0.0229 + 0.0004 0.0202 f O.ooOl 

- e 
4- --- - 

w m 

I 2.635 f 0.007 ‘0.1142 f 0.0019 0.1338 4~ 0.0005 

I - i I 3.041 f 0,008 0.0298 f O.ooO7 
-- 
0.0358 * o.Om2 

I 3.642 f 0.009 0.0993 f 0.0015 [O.lO08 * O,OO15! 0.1052 f 0,0004 . 

- 
0.0686 f 0.0010 0.0683 f 0.0010 i 0.0748 f 0.0003 

0.0417 f 0.0006 0.0409 f O.ooO6 0.0452 f O.ooO2 I 4.056 f 0,009 

14.255 f 0,010 0.0176 2 O,ooO2 IO.0186 * 0.0003 IO.0200 + O.ooOl 



TABLE 13 

Estimated Critical Thicknesses of Slabs 

Reflector 
System 

Effective Radius of Slab, in. 
, 

5.79 8.46 

"Bare" 7.26 I!C 0.03 5.47 z!z 0.04 

Natural Ursilium 
I 

3.27 sf: 0.02 2.36 f: 0.02 
I 

Graphite 3.00 31 0.02 2.14 f: 0.02 

Borated Graphite 3.76 + 0.03 2.80 Z!E 0.03 

Steel 4.12 Z!I 0.03 2.98 I!I 0.02 

Aluminium 4.40 + 0.02 3.21 + 0.02 

Not measured 

2.01 + 0.02 

1.78 zk 0.02 

2.40 zk 0.02 

2.57 zt 0.02 

2.72 31 0.02 



Reflector 
System 

“Bare” 7.26 f 0.03 1 7.32 1 7.44 1 5.47 f 0.04 1 5.41 1 5.39 Not Measured 

Natural 
Uranium 

Graphite 

Borat ed 
Graphite 

Steel 4.12 a 0.03 1 4.14 I 4.10 1 2.98 f 0.02 1 2.97 1 2.98 2.57 f 0.02 

ALuminium 4.40 f 0.02 1 4.42 1 4.35 1 3.21 f 0.02 1 3.17 1 3.18 2.72 f 0.02 

T Critical Height, in, 
(a) 

Effective Radius of Slabs, in. 

5.79 8.46 

3.27 f 0.02 
I 

3.27 
I 

3.27 
I 

2.36 f 0.02 
I 

2.36 
I 

2.36 2.01 A 0.02 
r ~~ __~~ ~_ 

3.00 * 0.02 3.01 3.05 2.14 f 0.02 2.12 -2.12 

3.76 f 0.03 3.76 3.76 2.80 f 0.03 2.79 2.78 
1 

Experimental 

1.73 f 0.02 

2.40 f 0.02 

11.05 

Calculated 
Using 

Constants 
(4 

4.89 

2.02 

1.79 

2.42 

2.56 

2.74 

2.02 ~0.2oo 1 3.06 1 2.79 
I I I 
I I I 

1.77 IO.214 12.77 1 2.77 
I I 1 
I I I 

2.42 IO.193 1 3.06 1 2.67 
I . I 

. . 

2.59 10.196 12.59 1 12.59 
.  .  .  
1 I  I  

2.77 10,192 12.551 2.55 
1 I  I  

(4) 
Be;t ii.: f”,’ 

Using Be ! 0.204,‘in.u2 

Al, x2, 
in. in. 

1.43 1.43 

2.96 2.75 

2.88 2.88 

2.77 2.56 

2.48 2.48 

2.40 2.40 



Estimated Dimensions of the Critical Slab and Sphere 

@  2 = 0.204 in/'.) 

\--w ---_-.__-- - _ _- 

System 

Unreflected 
U Nat Reflector 
Graphite Reflector 

‘Berated Graphite 
Reflector 

Steel Reflector 
Al~rninium Reflector 

X, in. 

1.43 4.10 5.52 209 0 
2.96 I.03 3.99 79 7 
2.88 I.20 4.07 84 6 

2.56 1.84 4.40 106 8 
2.48 1.98 4.47 111 6 
2.40 2416 4.55 118 6 

Infinite Slab 
kitid 

Thickness, in, 

Sphere 
1 - - - - . 

Critical 
Radius Critical 

in Mass, kg 
l 

Reflector 
Thickness, . in a 



FIGURE I. ATLAS 
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KEY 

1  4~2 ENRICHED 
URANIUM 

(c) CIRCL 
RADII 

NATURAL URANIUM 

ES SHOW EFFECTIVE 
OF SYSTEMS 

FIGURE 2. ENRICHED URAWIUM PSEUDO CYLINDERS AND NATURAL URAHIUH SIDE REFLECTOR 
DIACRAHHAlIC 
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FIGURE 3. ENRICHED URANl,UM CORE NATURAL URANIUM BOTTOM AND S-IDE REFLECTORS 
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K EY 

45-s “x ENRICHED 
URANIUM 

(ti\-/ STEEL GRAPHITE 
OR ALUMINIUM 

(c)CIRCLES SHOW EFFECTIVE 
RADII OF FISSILE SYSTEM 

FIGURE 5. SIDE REFLECTOR OF GRAPHITE’ STEEL AND ALUMIWIUM. DIACRAH)IATIC 

-2s 
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-31. 
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FIGURE IO. COMPLETE “BARE” ASSEMBLY - SHOWING ADDITIONAL 
INTERLEAVED PLATES 
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I I 
7 846ir. EFFECTIVE RAOIUS 
-.- S*79k. EFFECTIVE M O W S  

SLAB THICMESS , in. 

(a) 45-s %  u-235 SLABS BAUE 

. . ‘0. . . . . . . ‘g:. ‘* . . . . .* .’ ‘. \ . \ 4&- . v \ l -+ \ -i 
a \ 

l  *.....s 5*79lr. EFFECTIVE RADIUS 
-0 - 8W Ir. EFFECTIVE RADIUS 
- II*05 la. EFFECTIVE RAOIUS 

I-2 I*6 2-o 2.4 2-8 
SLAB THICKNESS , In. 

(b) 45*5 %  U-235 SLABS, REFLECTED ON AU FACES BY GRAPHITE 

0. l  n* . l  . S-79 In. EFFECTIVE RADIUS 
-0 - WJdlr. EFFECTIVE RADIUS 

- - II=05 In. EFFECTIVE RADIUS - 

. . . . . . . . *. . . . . . -. . . *. . 
* l . . 

. 
- ‘. 0. l *.. . -. . *. .* ‘. . 

\ 
‘. ** -. .* 

+I& 
*. ‘. .* \ ts 

0 
I.0 2*0 2.5 3-O s-s 4-O 

Sl AD THICKNESS, in. 
(C) 4Ma)lo u-235 SlABS,REf lECTED ON SLAB FACES BY BORATE0 GIA?HITE AND 

OH SIDE FACES 6Y GRAPHITE 

FIGURE II. RECIPROCAL MULTIPLICATION CURVES FOR “BARE” 
GRAPHITE AND BORATED GRAPHITE REFLECTED ASSEMBLIES 

-340 



( 1 a 

0*4 

0.3 

0*2 

04 

Ol 

I 

l a*:*.= 5.79 in. E’f FECTIVE RdDlUS 
‘. 

I 
--- 8-46 in. EFFECTIVE RADIUS . . . - k05in. EFFECTIVE RADIUS 

. Q. . . . . . _ - . . . 

I.8 2*2 2.6 3.0 3-4 
SLAB THICKNESS, in. 

459 % U-235 SLABS, REFLECTED ON ALL FACES BY NATURAL URANIUM 

l  *==**. Soi9 in. EFFECTliE RADIUS l  *==**. Soi9 in. EFFECTliE RADIUS 
--- 8*46in EFFECTIVE RADIUS --- 8*46in EFFECTIVE RADIUS 
- Il*OSin. EFFECTIVE RADIUS - Il*OSin. EFFECTIVE RADIUS 

O2*0 
. 

2-S 3-O 35 4*0 45 

0 b 
SLAB THICKNESS, in. 

45.5% U-23s SLABS,REFLECTED ON ALL FACES BY STEEL 

o-4 I I I 
.-- ..... 5 -79 in. EFFECTIVE RADIUS 
--- 8*46 in. EFFECTIVE RADIUS 
- ll*OSin. EFFECTIVE RADIUS 

SLAB THICKNESS, in 
4559, U-235 SLABS,REFLECTED ON ALL FACES BY ALUMlNlUM 

FIGURE 12. RECIPROCAL MULTIPLICATION CURVES 
FOR NATURAL URANIUM, STEEL AND 
ALUMINIUM REFLECTED ASSEMBLIES 
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